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: 8/055/82/KC/565, Ge a6fi SS ee 1 
pe Seth 
“AUTHORS: oe, Boude:. We ls, Yerenénko, We Vay _Rashba, Baie! 
OnYTLe: e impurity absorption an luminescence in CdS single’ orystals 


ee "PERIODICAL: Referativnyy zhurnal, Fizika, no. 5, 1962, 33, abstract 5V225 
are ee a (V sb,"Fotoelektr. i optich, yavieniya v paluprevonnicaty: ; 
: “Kiyev. AN USSR, 1959, 43-52) 


TEXT: cone on the basis of: studying absorbtion spectra of cas crystals, the 

impurity ‘origin: of. absorption in the. region of narrow lines (20,400 - 206,056 
2 em 1) wes shown: these. lines’ are du? to. electron transitions. in the CdS iatetee: 

near its dislocations. “Blue ‘luminescence of CdS is. caused by light emission 
fron ‘the same “absorption centers. to which pertain absorption lines. 20,440; 

20, 5253. 90/575 and ~/20, 600 © ‘em ae A hypothesis .is ae forth on the existence 
ae of ‘Six, types: ‘of. detaces) : 


[avstracter's note: ‘Complete translation] 
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_-RASHEA, E.I. 


ina Seam senens sine Cee : Ogee 8 . ers 
Symmetry ef the energy zenes in crystals ef the wurtz 

Bei Part 1: Symmetry ef senes witheut taking ee a 

y ac . Fiz. tver. tela 1 ne.32407-421 Mr See Se 
inte betes a ee " (ina 12:5) 


| LInstitut fisiki AN USSR, Kiyev. 
te (Crystal lattices) (Semicenducters) 
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_: AUTHOR: oe Rashba, Be. 
 gyTLEr 


Teed 


“pprTODICAL: Zhurnal 
pee VOL BGs Nr 6, pp .1703 - 1708 (USSR) 


 ypsTRACT: here are two possible 


“consequently, 215° the group velocity of 
finite if the overlapping integrals ten 


second mechanisa (according to the laras 
‘aeveloped by Wannier and Mott (Refs 2,53 


pe non ruestay nugust Oh cou 


 g0/36-56-6-12/65 


“Phe Effect of Resonance Excitation Transfer in the Theory. of 


vcsa1 akapertmentaLtnoy i toretineakey Fiattly 


escribing excitor 
displacement in a crystal. The first is by Frenkel! (Ref 1)) 
assumes resonance interaction, and consis 
‘fact that. when excitation vanishes at -one 
dt ogenrs-at another, points: (he width of 


mechanisms for 4d 


}) consists 


CIA-RDP86-00513R001344: 


the Large Radius exciton (Effekt Tezonansnoy peredachi vozbazh- aoe 
deniya v teoril ekeitone bol'shogo radiusa Fe ee 


19596 


ts in princi le inthe _ 
point of the crystal, 
the exciton zone andy 
the exciton remaining |. 
towards zero. The 


venus .exeiton theory”. 


in-an= 


electron + hole displacement} electron and hole are considered ~ 


to be quasiparticles obeying a given dis 
describes the structure of certain electron-. and 
- (or groups )- The electron zone tends tow 
AGE gietptegrals deternining the w1éth.° 
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the Effect ‘Of: Wesonastes ‘Exoitation. Transfer in the ee as sore. 36- “62 2/66 
need of the: ee Radius Exeiton oe a: 


“holes -zone’ sad aappaak ‘The Tice of. these wechiilsus ie: in oe 
following described as resonance mechanism, the _280ond. as 
exchange mechanism. Wannier and Mott did not 


_ the: present : paper annihilation :terms are intr 
theory of the large radius exciton, ™ 
- sulting herefrom are investigated. 
a dielectric and constructs its electron wave function by means | 
of the orthogonal system of Wannier's quasiparticle functions; 
‘notation system by Wannier ig © employed, Under certain Ssimpli- 
fying assumptions, the author goes over toa continuum and 
. obtains an: integro-differential equation containing a non- : 
- relativistic contact term. Its ‘solution is briefly discussed and 
_the contact term for Plane waves with the quasimomentum K is 
_ explicitly written down. The author thanke S. I. Pekar 
for discussing’ this work. ‘There are 13. rererences, 5 of which | 
are Soviet. 
“ASsoctunroms Ineeinee fiziki ‘Akadeait nauk Ukrainskoy SSR (Physics. Tnstitate. 
of the Academy of eanel ieee te kaya BSR). . 
 RIETED: | Septemver” ae Makes 


CIA-RDP86-00513R0013442 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 


saat muestay, August 01, 2000 CIA-RDP86-00513R001344. 


Rashba, 5. Ie 1 “ : . é‘ 


Some Problems of the Luminescence of Crystals (Nekotoryye 
voprosy ‘lyuminestsentsii kristallov) poe 


PERIODICAL? Uspekhi fizicheskikh nauk, 1959, Vol 67, Nr1, pp 99-117 (USSR). 


ABSTRACT: The authors make a contribution to the research of non- ee 
aes | equilibrium states of nonmetallic crystals by the publication © 
‘of a carefully compiled survey of the esearch results concern- 
ing crystal luminescence, devoting special attention to the = 
Gxeiton mechanisn (Ya. I. Frenkel')(Ref 1); The latter. was’. 
found to be very suited for describing excited states of 


- erystals, in which there is no photoconductivity. Prohlens — 
like the. excitation end exctinction of luminescence are not 
dealt with because they and others have been discussed by = 
LV. Levshin (Ref 6) ina survey. The entire experimental - Bs 
material confirms that in the case of excitation within the 
range of eigenabsorption the luminescence spectrum does not. 
‘depend on’ the wavelength of the exciting light. The article... 
Ee first gives:a short survey of the luminescence of pure Sue 
oo Card 1/3. Gaystals, i.e. of. auch without structural defects and 
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REI ESTERS Eb ee eae ah ee ree lonbey 


of the luminescence phenomena on crystals cont Race 
purities. Among others, the investigations carried out by Se 
V. Ye. Lashkarev and Yu. M. Karkhanin (Refs 
ductor crystals (Cu0) concerning excitation as a result Of 


E.-A. Girdzhiyauskayte and A. V. Solov'yey, 
The next chapter contai 
at low temperatures, Numerous crystals have. 
luminescence at low temperatures, which wa: 
“to be ‘due to impuritie 
crystals (V.- A; 


tare as 


: 013442 
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Some Problems of the Luminescence ‘of ry stals “at “s01/53- 67- 4% “5/12 


by” Te Obreiney: ke Pe Prikhot'ko, and K. Shaballas (Ret 51) 
(anthracene, 20° K);. figure .2 shows this absorption- and ae 
‘luminescence ‘spectrun, which was. recorded-by A. F. Prikhot!'ko. oe, 
and I./Ya. ‘Fugol' (Ref 65).: Figure 1 in a similar manner. See 
shows. the ‘absorption. dine Spectrum and the "blue! luminescence | 
spectrum of one andthe same CdS erystal at 20°°K. A large 
number. of molecule. and semiconductor crystals has already been 
_ investigated at low temperatures; the results obtained by these — 
investigations are discussed in. short - Finally, the quasiequss i 
libriun distribution in the excited tate is discussed which © 
was investigated on the basis of the example of the optical 
and photoelectric properties of cdS crystals by numerous 
authors (Rashba, Broude, Yeremenko, N. N. Chikovani etc.) =. 
There. ‘are’2 figures, 2 tables, and 75 references: 53.of which — 
are Soviet. ek 
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“Mhermally stiaqulated Conductivity of bata 2 B/AG/co/0ue] OM? ie 
‘Semiconductors oe ee BO08/BO14! 8 eae 


. not show the highest high-temperature naxisun was studied in detail. From: 
‘this the authors concluded that the temperature dependence of and tis 
negligible. Fig- 5 illustrates the determination of the adhesion level 


o from measuring points. € is determined by the slope of the straight. - 


They yield almost the same values of the activation energy &-* 0.34 Vee 
Fig. 4 shows curves representing the electron concentration n(T) for three” 
values of v. As may be seen, there is satisfactory agreement between 

- theory and experiment. The greatest divergencies occurred at the end of 


the n(%) curves within the low-temperature range. The dependence on 


n(t) ~ exp (= te ‘found in experiments was considerably smaller than — 

that predicted by theory. This is probably due to the fact that. the 
’-gample had a smaller number of centers the activation energy of which - 
was somewhat below 0.34 ev. It was theoretically found (equation (27)) 
' that the recombination near the n(T) maximum was mainly. monomolecular. ee 
. he authors thank Engineer A. I Sheretun for having prepared the samples... 
There are 4 figures and 5 references, 2 of which are Soviet. | ee 
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©) BUTHOR: : ce eee Se ot 

| PITLE: The Properties of Semiconductors With Loop of Extrema. 
de Gyghoeren eee tar te the Loop Plan na Magnetic Field 
ss thet TeTPerpendicular to the Loop Plane — er an 


PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 6, pp. 1224 - 1238 0 


/ EXT: In Ref. 1 the author, together with V. I. :Sheka, showed that in... 
’ gemiconductors with wurtzite lattice a new type of band structure occurs, ~~ 
in which, in a certain approximation, an extrenus is attained, not in Deas ake 
jeolated points of the Brillouin zone, but along s curve (of the extremum — 

loop); the center of this loop is on a symmetry axis. Sheka found that 

‘such a loop may aleo occur in Sb-type lattices. Gurevich, G. Ye. Pikus, - 

and G. Lb. Bir also carried out investigations in this direction. It was : 
the aim of the present paper to investigate the specific peculiarities of — 

-gemiconductors having extremum loops, in order to find ways of | 
identifying these semiconductors and to determine their parameters. The 

* following papers also have this aim. Here, the author describes 4 XxX: 


ett ty) eee tae 
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The Properties of Semiconductors With a Loop of. 3/181/60/002/06/31/050 . 
Extrema. I. Cyclotron and Combination Resonance  B006/B056- 


in a Magnetic Field That Is Perpendicular to the Loop Plane 


theoretical investigation of the absorption of radiowaves in semicon- 
ductore having an extremum loop. Formulas ‘are derived for the. determina-. 
tion of the frequencies and intensities of transitions, and it is shown te 
- that, in consequence of spin-orbit coupling, transitions with variation —_ 
of spin (which are excited by the Lorentz force) have a considerable = 
intensity. In part 1 of the paper, which closely follows the lines of. =. 
Ref. 1, and takes over results obtained there as well as the terminology 
introduced, the wave functions and the energy spectra are studied. fe 
. Extremum loops: occur both when the energy luvels on the symmetry axis in. 
the k-space are not split by spin-orbit interaction, and also when such 
- @ splitting occura (in a wurtzite lattice the former case applies to the... 
. points Py - Myr 4, - Ays Ky» Ko» Py and Pos the latter to 5) [> bes Ag). ees 
“The author confines his investigations to the first case. Part 2 deals — 
with a perturbation-theoretical investigation of the transitions : 
occurring under the influence of an electromagnetic wave, and in part 3. 
cyclotron-combination resonance and. paramagnetic resonance are 


investigated for the following limiting cases: a) Low temperature, low 
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The Properties of Semiconductors With a Loop of. 8/181/60/002/06/51/050.~ 
Extrema. I. Cyclotron and Combination Resonance -  BQ06/B056° - ee 
odin a Magnetic Field That Is ‘Perpendicular to the Loop Plane ie mae 


carrier concentration, weak magnetic fields, b) high temperatures, weak. 
magnetic fields, co) strong magnetic fields, d) paramagnetic resonance — 
absorption; it ie shown that the paramagnetic resonance is negligibly = 
small. The author thanks S. I. Pekar for discussion, and I. I. Boyko for 
taking part in the calculations. An appendix deals with the determination ~ 
_ of the effective mass of the carriers. There are 1 table and are 
- 22 references: 13 Soviet, 6 American, and 1 Japanese. 
ASSOCIATION: Institut. fiziki AN USSR, Kiyev (Institute of Physics of the... 
. a AS UbrSSRSKiyew) Eo ar ae PP Ve 


SUBMITTED: October 7,.1959.. 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0013442 


"APPROVED FOR RE 

L : 

ey) 1 a EASE: Tuesday, August 01, 2000 

————E anaes ' CIA-RDP86-00513R001344. 


(pe Properties of Semiconductors Pith a Loop 9/161 60/002/608/027/045 Suge 
oe wee cettane, Iie Magnetio suscepti (7 jn a BOO6/BOGS. Ue ae 
| Phela Perpendicular to 1h? Loop Plane — ee ore Hee anti es 
a) high. temperatures (A&KT)$ b) weak magnetic fields (A¢ hey?) .¢) low 
“temperatures; weak magnetic fields (en @ 65 Aas VetA) 5 d) arbitrary 
-. Semperaturess extremely weak magnetic fields G-r 0). The next section . 
~ deale with the ausoepsi bility of 8 degenerate electron gas in the case cere 
of weak fields. me "oscillations" of magnetic susceptibility are | ue 
studied next for a) a low narrier concentration and b) a. high carrier 
conoantration. The peculiarities occurring due to the preaence of a. 
 panga of negative effective masa and the existence of +t¥o close-iying 
Fexrnt purfaces are then examined. These peculiaritiss Lead to charace 
teristic pulsation phenomenae Such pulsations are expected to occur a180 
ae ee ‘fn other cryatals (not only in hexagonal cas, which 4g under considera- 
A eis tion) a8) eBes in chanical compounds with netal-typé conductivity and 
: ‘degenerate semiconductors, 1+@+3 in crystals without inversion centers. 
Mention ia made of V. I- Sheka. and L. D- Landau. There are 6 raferences: . i 
5 Seviet and 4 British. ee ; : 
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~ importance for a. 
- impurities. The ay aes ee 
= ve ¢ determining the Shap oss 
"depth dependence" of the carrier lifetj i tis’ . a, oe 
theoretically that } ney depehdencece tne aN 


a dependence of the comple 
‘amplitude of th oe 
p © of photoc Tore)? the depth 

inhomog 
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i Photoelectric ‘Method ‘Used ‘to: Discover the : 8/19y/6ofoo2/or/oou/o4e 
‘Depth Inhonogeneity of. a Semiconductor a B006/B056 are 


.for ho type Ge, “Ente which from one side Ni had: been diffused An vacuo. at ne 
800° C within 1.5 min. On the other side there was an Au layer. which acted” 
: -as a getter, The specimens were 1.8 mm thick, the lifetime: gradient: being 

. La ‘d@int/dz~0.2. An inhomogeneous function t(z ) may also: easily be 


achieved by using specimens in which 7. ‘depends. on the time of exposure; 
-. by constant unilateral exposure ‘t becomes a function of z.°Fig,2 shows 
Tarp) for “homogeneous n-type Ge specimens of :3.5 mm thickness with 


noticeable: hyperlinearity within the Tange’ ‘of low. intensities. . aged 
- “Va. Ye. Lashkarev, Member of - the AS: UkrSSR, is thanked for his interest ant 

. advice, and A. N. Kvasnitskaya for’ placing the Ge single erystala at thei 
disposal» Tere are 2 figures ane 2 Soviet references - 
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etive duration of photo- 
4ffused nickel}; Pa 


ae dry: 
naence of the effe 
exposure from the side 


Legehd to. Pige1:. Frequency depe ‘ 

‘conductivity for Ge specimens with unilaterally a 

‘a .- exposure: from the nickel-containing side, b). 
for 8 hyperlinear 


ithout nickel. . fe oe 

; Legenda to Fig-2: Frequency dependence of Tore 

n which ie alloyed with Sb; 8) Teer) when exposed to weakly | 
posure from 


(w) with ‘additional weak ex 


homogent 


se specime 
‘the same 
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“IPLE: A Method of ‘aiporinentad ly Verifying the: , possibility: ae 
: “oo tnt poducing a Universal Surface Recombination Rate When. 
Investigating: the Kinetics of Photoelectric Effects — 


"PERIODICAL: (Pinike tverdogo, tela, 1960, Vol. 2, No. 41,5 pp 128695 - a670 


Exe. | photoeleotric processes in a:  euicoatuctor are, in: general, con- 

- gidered to take place within a neutral region. ‘With an exposure of. this 
‘region, which varies with the frequency 0), the. surface recombination: 
rates on the boundaries of this region is a. complicated complex 
‘function of Ww. The introduction of s(w) on the boundaries of. the region. 

- 4s trivial if one confines oneself to the study of a single photoelectric © 
effect witha ‘given light absorption coefficient k. This, however, becomes 

_ important if s(w) is universal with sufficient accuracy, i-e., if 8 (w) 
“sonincides for various effects and does not dependon k. The author. has 

- developed a method of investigating the universality of s(w) for various 
photoelectric effects in the case of considerable light absorption. The. 
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_ A Method of Experimentally Verifying the s/181/60/002/011/005/042 
Possibility of Introducing a Universal BOO6/B056 ee a 
* Surface Recombination Rate When Investigating the Kinetics of Photo- . 
oo velegtric. Birects 0s 88) oct. ee ey eh te or ae CPi Ped = 


-=D(a)ep'/av. = s(a)p' (D diffusion coefficient; » - external normal). 

- D, 8, u, and t, are complex functions of w. From the results obtained it 

may be concluded that,’ if a(@) is uniform for the photoelectric effects — 

. considered, the ratio between two arbitrary complex amplitudes becomes a 
‘complex function of w and does not depend on'the state of the surface. . 
and, therefore, remains unchanged when the surface is treated, when 

| adsorption occurs, or when an external field is applied. This may be : 

- checked immediately by. way of experiment. V. Ye. Lashkarev, Member of the 
AS UkrSSR, and V. A. Romanov are thanked for discussions. There are 
2 references: 1 Soviet and 1 French. oe eS 
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into the crystal caused: by -interaction with a mB molecule. With these © nee 
‘designations. the excitation ou nea aes a of the molecules are deternined — 

os minimizing + the. ,Onerey « sone tsenet. BO. eae we : ne 


* 


es, te edie: “RR “jet +, > inMaiseas ca G (Ql). i ae - 
eee : as bos, : ~ he “ sont wilt or fone : “ae igs ee or 
: and by ‘eatisfying ‘the normalization Gaaidea® lat ay se 4: For. ‘a one- ee ae 
component system (1) passes “dnto the corresbonding foraula by Ae S, Davydov. 
Bry is then introduced as the new excitation ampli tude; Bay = No By. 


which is an epproxination substants sted. by experimental, facts. Thus,” ae 
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48 ‘opt rained | ‘where. hae the: Palatine: Bonccnky tion of. the: components - 
oa fi = oe with ‘the ‘normalization ae *4) | st re Here | 
ae poe 1m. i, = 


the, wie 3, iy a others mae of | the kind. ae The “systen: of. equations a 


— lan 3M faye, : ee es S @ 


3 Duty= °, win 
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is: derived ‘therefrom. sae 5.) a oo ae follows ron: G)a and from the 
orthogoneli ty condition, tees ‘the shot tation amplitude in molecules of 
: different kinds is. ee eeey proportional ° to. the distance of their, ,terms” ise 
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Peo ‘the absorption 4 re eae numbers. ‘the steenvectora of ‘the ayea G6). . 
Thus, ‘the order of (3) can be reduced to. an order which is,equal- * the = 

: nusber e. of the eereoaee. ne ar cell: aN bp! a5 ‘= Eb. ; fa mF ietey 
this. system ia: equal .to.an analogous systen Aine the tasers. of ahs crystals, Ou 
but wa th the dif ferpnce that the transition’ energy | is oanet to. ae : 


eo ne) 


"Se ‘found. for se panei tion srépavili éy ander “the ao tdon® of ‘Lignt Ganda: oy 

': electrical vector is polarized along ) by using ‘the square of ‘the matrix 

' element of. the component. of the dipole moment of the transition elong a; a 
“as oe to the un} t: cell. so following relations are also sivent. 

“page $7 ate and nee Se ‘Function ba ae is 
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“ope at a5 =] pt Pg EN 18) Fe 
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n be used in: the | form, of = 


afin: Ele, - "g ae (ee = (e, = la “The ‘heoretieay 3 results. are then 
compared. on ‘the’ eapeninenkas ‘ones under ‘gimpler. assumptions Using - 
formulas (13) and (15), the authors found the results shown in Tables * 

1 and 2°(which are compared with those of Ref. 6) assuming that the’ 
concentration ‘of the i-th comnonent tends to zero and tha frequency of She 
peace. ; corresponding to at goes to (Eye and. chat eet is a linear Pheraaraat 
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of the moucence: etons’ 4p: the: ‘femolecules.. Ref. 6. C. Ke Tania at al: ee 
J. Chem, Soc. (L.), 971, 1936; C. Ke Ingold et al. J. Chem. Soc. (L.), 


‘406, 1948. There are 2 figures, 2: Genta aecr 6 -toferencess: 55 Soviet-bloc 
and 1: Bon-Soviet-bloc. eee efi : oo 


othe é 


“ASSOCIATION: purines ‘ficikt: aN ‘USSR. (tas tiute « of : Physics of. the AS 
SG UkrSsSR 

oo Institut - pe lupaoysiaiicet AN USSR. Kiyey Crnett: tute of 
Semi gomiiotare AS UkrSsR, 1 ayer) 5 ice Soa: 
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AUTHORS: | oe -Rashba, . Ee 1. and ‘Sheka, Ve. Te 
prme: Properties ‘of: goad conductors with extremum loops. 


eee ee Angular’ dependence. of combined resonance: ina strong 
magnetic. field 


PERIODICAL: Fizika tverdogo tela, v. 3, no. 8, 1961, 2369. 2376 


TEXT: The author devi sea’ a theory” of ‘combined resonance in semiconductors - 

with: extremum loops’ in a strong magne tic field in order to determine the — 

angular. dependence of the resonance intensity. If the depth A of the loop. 

- is sufficiently large. and if the. characteristic energy of the electrons wack 
/contribus ting to the various effects is lower than A or of the same order of. Paes 

magnitude, a large number of. me thods. exists for. determining the: existence : 

‘of an extremum loop and also for determining A (cyclotron resonance, << 

magnetic susceptibility, galvanomagnetic effect, optical properties etc.) 


ifA€E However, only one.methed can: be applied: Study of combined 


char’ 
_ Fesonance’ yA has been predicted by. Rashba. Tn strong magnetic fields 


Sodan 47h eG ee, 
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‘an’ absorption which ig induced by the 
amagnetic 


close ti t of cyclotron resonance. ‘A can be 

. directly determined from its intensity, “The authors now determine the vie ea age 
. angular. dependence of combined resonance by a method that had’ been devised. 
_in’a previous paper (FTP, TIT, 1735 *. 1961). The designations are. taken - 
» from this previous paper and from Ref. "3: (Rashba, FIT, II, 1224, 1960) 
[Abstracter's note: For this reason, ‘the author omits the formulas ob- 

‘tained. In order to ‘be’ able to follow. the theoretical considerations the we 
mentioned previous papers should “be-known]. If the Zeeman energy is very oo. 4 
high compared with the characteristic band separation A har combined re-. ae 
; sonance can be observed if hy > A, where v is the frequency of the electro- : Pere 
magnetic wave. With y ~4o'! eps semiconductors with A & 1979 
: “studied. The shift of the..ceiling ‘Of the valence band from k = 


ev can be ons . 
O by 1074 ev ed 
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“practically attainable Magnetic fields. In ee 
mum is not shifted from ki= 0, the spin-orbit Sie 
d the limiting case of combined: resonance Cans ay 
_ be observed at any frequency y if the carrier concentrations and the eae ea 
a? tly low. A limitation is given only by the ; Pine a 
-. finiteness of the relaxation time... The intensity ratio of combined and 9.” * .. 
OY Ot ~O/E ay for Actiar oh. There ane ict) 
The three references to... By 
~R. Cy Casella, Phys, Rey, ns 
20,..491, 1953; S. dae Czyzak et: ea 


: “Institut ‘poluprovodnikov AN USSR Kiyev. (Institute of Semi-° °°. 


Sr eee 
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"Corbined resonance on impurity centers and in inhomogeneous magnetic £ fields." 


yeport submitted for Int Cont on | Physics of Semiconductors ’ ‘Paris, ’ aah 
* Jul 6h. ee oe 
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- Rashba, £. Is, Tolpygo, Ke Be | 
a Fourth Conference on the Theory of Semiconductors 
| PERIODICAL: _-—-‘Uapekhi fizdcheskikh nauk, v. 74, mo. 1, 19615 161-175 _ 


“PEXTs. This is a report on,the IV Vsesoyuznoye soveshchaniye po teorii _ ee 
-poluprovodnikov (4th All-Union Conference on the Theory of Semiconductors). ~~ 
“which took place from October 17-22, 1960. This conference’ had been-convened = 
by: the komissiya po poluprovodnikam AN SSSR (Comission of Semiconductors AS. oy. - 
USSR) in cooperation with the AN Gruz. SSR(AS Gruzinskaya SSR) and Tbilisskiy. Le 
gosuniversitet im. Stalina (Tbilisi State University imeni Stalin). Over 250 
experts and representatives of Soviet 25 cities took part. Over 80 lectures. 
‘were given and discussed during the general meetings, the section meetings, - 
’ and the seminars. . The chairman of the organizing committee, S..I. Pekar. 
dedicated his’ address in memory of the late Academian Abram Fedorovich Ioffe. . 
“Ey L. Andronikashvili, Academian of. the AS Gruzinskaya SSR, described the role... 
of A. F. Ioffe, which he had played in creating a large number of Institutes 
of Physics and Institutes of Physics and Technology in. many cities of the’ " 
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USSR aaa atao “ida: oie oe the. ‘education of young: eelentiets.s Ke Be “Rolpyee; 
- A. I. Gubanov, G. Ge Taluts, v. A. ‘Myamlin,- reported on. interesting papers. Ofsney 
foreign participants read at. ‘the International Conference.on Semiconductor: 9 = 
“ Physics. This ‘conference took place in Prague from August 28 to September. 23k 
> ..1960 and: about 600 persons from 24 countries. took part in it. Most.of the oo af 
Pn _ pers submitted for discussion: dealt with the investigations of optical proper- 
Poo feben cof semiconductors: S. 01.) Pekar, M.S. Brodin, B. Ye. Tsekava "Optical. s 


© “anisotropy of ‘cubic. crystals, additional: ‘light waves in crystals, and their ve 
- experimental. identification." — -R. F. Kazarinov, 0. V.. Konstantinov: "Doppler .- 
shift of absorption lines of: excitons." Ye. F. Gross, B. P. Zakharchenya, = 
O. V. Konstantinov: "Inversion effect. of a magnetic field in the absorption : 
spectrum of. excitons of the cds crystals." - A.A. Demidenko: "Micro- theory 
of. the Frenkel' exciton ‘with and without taking into account ‘the. delay. in. 
“- gubic erystals." (V.°S. Mashkevich: "Electromagnetic waves in. a medium hav- 
ing a continuous energy spectrum (taking into account spatial dispersion)." 
V. L. Strizhevskiy: "Analysis of various properties of dispersion and ab-. 
sorption of light by an exciton. in- crystals.” ~ V..T. Cherepanov and V..S. 
Galishev: "anisotropy of quadrupole- type absorption of ‘light by an exciton - 
in cubic erystelenl Ye. F.: preass A. Ge eh B. P. Zakharchenya, A. Ae e 
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" Kaplyanekiys "Effect: of. a . Seabne tie: ‘field and ‘a’ eopeteka deformation on: the ae 
exciton ground state of: er weed 5. Ae Moskalenko: "The. energy spectrum of - 


“excitons ‘in non-deformable ion crystals." VoM. Agrynovich: "Theory of: 
excitons: in molecule. crystals." LI. 0G. Zaslavskaya: "Calculation of the - 
~ < energy. of excited ‘exciton “States. during an intermediate binding.” S. Vs ee 
». Vonsovskiy, P. S. -Byryanov, A. N. Petrov, G. G. Taluts: "The effect of elec- 
tric and magnetic fields.on the form of exciton absorption lines." “L.-E. 
Gurevich, I. -P. Ipatova:. "Theory of ‘long-wave absorption of light by erys- ; 
tals.".. ve M. Agranovich. and V..L. Ginzburg: "Dispersion of X-rays in crys- . fr. 
-tals by forming excitons." L. N. Ovander: “Raman effect in crystals." — pels 
E. I. Adirovich: "The. Exoitan’ asa wave for phase transformation." Z. S$. 

/ Kachlishvili: "Elastic. scattering of a non-localized exciton on impurity 

“centers.” | As S..Selivanenko:: "Calculation of the dispersion cross section. 
of free excitons at lattice defects ofa molecule erystal." A. A. Vorobtyev:~ 
"Self-absorption and ‘additional absorption: in ion crystals and the energyof'. 
“the lattice.". V.M Agranovich, E. I. Rashba, I. B. Levinson, Le M. Lifshits,”: 
woo Me Is Kaganov, V.:I. Perel', A.-G. Zhilich,. ‘S, I..Pekar, S. A. Moskalenko, 

L..N. Demidenko, V.°L. Bonch-Bruyvvicu tuvx part in the discussion. The 9 00. 
Fone Re references were. aueteds ets 2: Mee Ps: Gross, As & Meplyenskty, eee SY 
tars 319% a8 ce 
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“Pourth ¢ Coni ‘erence: on Sas 


“Pizike ieandoee. tela 2; 319 (1960); Ref. 31 I: "Se Gorban', ve meimubteyere ae 

~: Doklad na <TIT Veesoyuznom “soveshchanii po spektroskopii, Leningrad, iyul' = 
4960 g.3;  Ref.6: V. M. Buymistrov, S. I. Pekar, ZhETF 52, 1193 — (1957); i 

“VW. Me Buymistrov,- Ukr.. fiz. zh: 3, Pril. I.- 21 (1958). -The following papers... - 
‘dealt with the analysis of the band structure. of semiconductors: 0. V. oo 


Kovalev: "Degeneracy of: ‘electron energy levels. in a crystal.” 1. I. Kucher: Be 
“Hole. bands in alkalimetal ‘chlorides."...F. M..Gashimzade, Ve. Ye. Khartsiyev: 
"Analysis: of. the energy. structure of: several semiconductors." Ye. I. 2 


- Cheglokov,: Ve: ‘he Chaldyshev: "Symmetry of the solutions for Hartree-Fock 
= equations for.crystals." A. Ye. Glauberman, A. M. Muzychuk, M. A. Ruvinskiy, 
‘I. V. Stasyuk:. "Problems of the multiple-electron theory for solid and 
liquid semiconductors." A. I. Gubanov: "Various theories of amorphous semi- . 


~ eonductors." - L. D..Dudkin:’ "Problems of the chemical bonding of. semiconduc- 
tor compounds - ‘of. transition metals.". “AyD. Chevychelov: “Energy spectrum 
of: the elctron for a ‘polymer-chain model." The following persons took baie ha 


in the discussions: “.I.:B. Levinson, K. B.. Tolpygo, N. N.. -Kristoffel', 

Pa Ne Nikiforov, E. I. Rashba, S..I. Pekar, A. Ye. Glauberman, Ee Le we 
Nagayev, V.-M. Agranovich. The. following papers dealt with transfer proper-" °°} 
ties: G. Ye. Pikus,°G.-L. sad E..S. ‘Normanta $3 i iogats of the deformation. 
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i Fourth conference on Sere 


epten tial: nd: the: dusuersion ‘Of. carries ‘in Semiconductors shovive. a denene oe 
erate: band." Ye.°P. Pokatilov: "Interaction ‘of free electrons with ultra- 9” 
sonics -in. silicon: and. germanium." Ve Le Gurevich, Yu. A. Firsov: "Theory ss 

-of the electrical: ‘conductivity of ‘semiconductors in a magnetic field on in- 
elastic scattering." | Assit. ‘Ansel'n, ‘Be Ms Askerov: "Thermomagnetic phenom~ stage 
“ena in metalloids. exposed to a strong magnetic field." L. E. Gurevich, Gil. 
Nedlin: "Contribution of: electrons to thermal conductivity due to entraine= gees: 
ment. of phonons." . I. “Ya. Korenblit: "Galvanomagnetic phenomena in Bi,Te ss" 


; F. G. Bakeht: "Faraday effect at free carriers in Bi,Te, exposed to a weak. 


i magretic field." Ge ae; Kharus, Ie Me Tsidil'kovskiy: “Anisotropy of hetee 
magnetic effects. in cubic’ crystals." N. P..Keklidze: "Several electrophysi-- .. 
cal properties of - germanium and silicon at low temperatures." V. B. Fiks: 
“Entrainement of ions by electrons in semiconductors.” I. M. Dykman, P. M, 
Tomohukt:. "Electrical conductivity: and thermionic emission in semiconductors? 
; » M. Tomchuk: "Variational: method for determining the electrical conductiy- 
ity and taking into account also the Coulomb interaction of carriers. She’ 


ce M. Kogan, V. B. Sandomirskiy:. "Theory. of the. ‘external emission of. ae elec- 


Sard dee 


trons from peatcanductorss Ve Ae Chuyenkoys "Gonductivity: of. pada pal in: 
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“in strong Pee fields at: low temperatures." V..P, ‘Shabaiskiys: "Non-.. 
: equilibrium processes in impurity: semiconductors." O..N; Krokhin, Yu. M. 

"> Popovs "Slowing-down. time of non-equilibrium: carriers in semiconductors." 

The following persons took: part in the discussions: V. A. Chuyenkov, G. Le - 

eo. Bir, I. Me Lifshits, GsM. Nediin, 0..V.-Konstantinov, M. I. Kaganov, F. ype 
‘Bass, Ve Le. Bonch- -Bruyevich,. I. M.: Dykman, E. I. Rashba, Z.. S. Gribnikov. 

- Phe following papers dealt with resonance and oscillation effects: I. M 
Lifshits, Ve Me Nabutovskiy, A. A. Slutskin: "Phenomena: of the mobility of - 
charged quasi- -particles near singular points of -isoenergetic surfaces or pps 
- bits." Me. Ya. Azbel': "A new resonance effect" and "Quasi- classical quanti-. > 
- zation near particular classical orbits and quanta oscillations of thermody- 92°. 
- namic quantities." E. I.:Rashba, I. I. Boyko, Vs I. Sheka: "Cyclotron and 
- combined resonance and susceptibility of various semiconductors.” V.b. | 
Gurevich, V. G. Skobov, Yu. A. Firsov: "Giant oscillations. of.sound absorp-_ oon 
tion." > Me FP. Deygen, A. B. Roytsin: "Paramagnetic resonance with-arbitrary, 
‘gizes of a static magnetic field in electrons: localized.in semiconductors." " ee 
Ve-Ya. Zevin: "Theory of the. Spin tetti oe. relaxation of ‘electron localiza- 
tion centers in non-metallic. crystals." Yu. V. Chkhartishvili: "Slectron  . . 
‘ gpin resonance at the F-center. “in KC1+NaCl. crystals." The following persons: 
' took part in the discussions: We vhs penene iad bap Te ie Lifshits, Ke. Bee es: 
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"Fourth Conference. Oneees : pene 


‘Tolpygo,. Ve Yaw: devin. The following: papers: were desoted “to. the: theory. of! 
- Local centers and polarons: K.-K. Rebane, 0.:1. Sil'd: "Method of momenta 
in the theory of. electron oscillation transitions." V. M. Buymistrov: "Var 
iational principle for the transitions probability." S..v. Tyablikov, .¥.. 


oe A. Moskalenko: "Application of field-theoretical methods to the theory of. 


ters and excitons in alkali- halide crystals." A. Ge Chebans "Theory of. 
o).° thermal. ionization of F'-centers."- -D. I.” abekavoy, Yu. -M.-Seidov: "Theory 
en of the susceptibility of polaron gag V. L.: Vinetskiy: "The ground state. 


-multiple+phonon transitions." Yu. Ye. Perlin, A. Ye Marinchuk, V. A.) ie gE 
’ Kovarskiy: "Application of the perturbation theory of Wigner-WeiBkopf to the =.= 
. problems of electron-phonon: interaction in crystals." A. M. Ratner, G.. Ye... 
Zil'berman: "Theory of luminescence. of crystals having luminescent impurity’: 

. centers." A. A. Tsertsavadze: "The. mechanism of light absorption by P-cen- 


of the. -bipolaron." R. R.. Dogonadze, A. A. Chernenko: "Electrical: conduc-— PS op: 
tivity. of semiconductors with’a short. length: of path of the carriers." The iy, 
following persons participated in the discussions: K. K. Rebane, E. I. ts 
* Rashba, N. oN. Kristoffel',.B..K. Tolpygo, M. I. Kaganov, S. I. Pekar, Yu. 

oS X@e Perlin, A. Me. Ratner,’ M. F.-Deygen. Only.a few papers dealt with the 
theory .of the: oryatal ‘lattice: . K. B. “olpygo: ero R Seg Ine Coulomb: forces. 
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‘in the dyianloe ‘of eee seas: of: the diamond: tyne VES Oskotaky, 
A. L. Efross "Theory of crystal. lattices having a nonecentral interatomic 9 
interaction." B.. Ya. ‘Yurkov: "Theory of the annealing of- radiative defects! a 
Me Yas Dashevekiy, M.S. Mirganovskaya: "The growth and structure of pe 


alltsy: monocrystals." ” The ‘following: persons ‘were mentioned: T.-I. Kucher® 
and.Z..A. Demidenko. The following papers were devoted to the phenonenes 
: logical theory of semiconductors: I.°A Mutrskhulava: "Analysis of local”. an 
trapping centers by continuous excitation of the. semiconductor with light.". 
_-E. I. Adirovich: "Kinetics of impurity photoconductivity and a new method _ 
of. determining the effective cross sections of local centers." Yu. V.° 
“Gulyayev: "Statistics of electrons and holes in semiconductors showing dis-: 
‘locations." V. M. Fridkin: "Phenomenological theory of. the photoelectret 
state of crystals." G. M. Guro: "Energy structure of.a surface layer formed - 
by: space charges in semiconductors." Yu. I. “Gorkun: "Effect of current e- 
“lectrodes’ on magnetic resistance." Yu. A. Vdovin, B. M. Grafov, V. A. 
 Myamlin, 7. G. Levichs "Properties. of the. two-phase boundary electrolyte. 
if - gemiconductor." » The theory of semiconducter devices was treated in the fol- 
: . lowing papers: -V. “M. .Val'd-Perlovy. A.V... Krasilovy. M. Ye. Lisogorskiy and 
~VeL. Aronov:. "Parametric diodes. Calculation of parameters." D. A. Aronov,. 
Seeks a 
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ee es -- 8/053/61/074/001 /003/005 - 
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= P, S. Karageorgiy-Alkalayev: | A possibility to explain the inverse current... 
increase with increasing potential in a semiconductor diode." Me I. | rae 
Markovich, N. M. Royzin: " Effect of the geometry of the transistor base on. 
‘dts junction characteristics.": A. L.. Zakharov: "Theoretical analysis of - 
current-potential characteristics of the injection into the blocking layer." 
Yu. S. Ryabinkin: "Electric field in semiconductors between junctions accord- 
ing to the type of conductivity" and “Effect of the diffusion of carriers 
- on the transfer coefficient of the pin-field transistor." Vv. A. Chuyenkov 
was mentioned. The following persons took part-in the discussions: Z. S. a ost 
Gribnikov and V. B. Sandomirskiy. S. I; Pekar noted in his final speech that , 
great success has been achieved in the research of semiconductors. In the” 
participants! name he thanked the members of the organizing committee from... 
Tbilisi which were under the direction of A. I. Gachechiladze (deceased), for 
> the excellent preparation and organization of .the conference. A resolution... 
py the conference noted a strong trend toward centralization of investiga- 
‘tions on semiconductor theory in Moscow, Leningrad, and Kiyev,.and stressed 
the need of extending this activity to republic capitals and other cities.. 
It was recommended to hold the next conference in Kishinev in 1962. There = > 
_are 20 references! 14 Soviet-bloc and 6 non-Soviet-bloc. : ; 
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AUTHORS: S ‘Broude:. ebay Rashba, Beary: and ‘Sheka, fe. F.. 
3 mung Anonelous ‘impurity absorption near exciton bands of 


molecular. bert 


| mona 


Akadentya nauk ssor. “Dokady, v, 139, no. 5,°1961, 1085-. ae 
1088 : Pe, ind ee 


. TEXT: ‘In, in. a molecurar’ crystal, the distance € of an impurity level 
. from. the edge of the exciton band is° smaller than, or is of the” same — 
‘order of magnitude | of the width M ofthe exciton band, an absorption of 
“light within the range of the impurity ‘band will lead to the formetion — 
“of quantum states, in which not only the impurity molecule, but also the 
adjoining ‘molecule of the solvent will be excited. For €¢M, the ; 
| dimensions of the. regions in which the excitetion is concentrated, are 
larger than the lattice: ‘constant. The structure of the exciton band 
near its. edge displays an influence upon the. characteriatics of impurity 
‘absorption. © If, in this case, the impurity molecule dces not differ 
_ fron: a molecule of the solvent: except bya shift of energy. leveis,- 


a Card Ah 
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_Anomalous impurity absorption near... B104 B2OV ee a Me 


a impurity absorption will diminish as €'/2 if an optical transition to 
_ the edge of the exciton band with a given polarization of light is 


: forbidden, or will grow as €~°/* if such a transition 4s allowed. Thus, 2 
. the coefficients of these relations are sharply dependent upon€, and 60.0 
. are the polarization relations; for E4M, € itself is a function of the - 
distance 2f between the levels of the molecule of the solvent and the 
impurity molecules. Thus, the characteristics of impurity absorption | 
permit conclusions to.be drawn regarding the structure of exciton bands. 
Objects suited for these investigations are molecular crystals, in which - 
_ the molecules of the solvent do not differ from the impurity molecules 
except by their isctopic composition. Sclutions of ordinary naphthalene 
(C, oH.) in octadeuteronaphthalene (C,)D,) and in tetradeuteronaphthalene 


+ (AC; oDyH, and /i-c, 0,8.) have been studied. These preparations were 

» supplied to the. authors ‘by Professor A. I. Shatenshteyn, and had been 

prepared in his laboratory atthe Institut fizicheskoy khimii-vim. L.A. 

- Karpova (Institute of Physical Chemistry imeni L. A. Karpov). The — 
nephthalene concentration amounted to some percents, The effects observed: | 

_ are in sgreement with those theoretically predicted by E. I. Rashba Bg 

So Card eff eo re aS een eee ee Spee oe 
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Anomalous, 5 impurity absorption Near... B104/B 


(Optika’ i “spextroskopiya, 2 568 (1957); Dokl. na X: sovéahch, po 
ee spektroskopii, L'vov, dyul?,, 49566; Fiz. sborn. L' vovsk gos. univ., v. 3,: 
"7.4, (140, : 1957). A close examination of ‘the spectra revealed that whenever 
. @n anomaly appeared in the. intensity ‘of the impurity bands, also the 
“interval. between the impurity. absorption bands varied at the same time. 
- It is inferred that the A-component of the Davidov doublet. corresponds. 
_- to a transition to the bottom of the A- -band or the crystal. ‘This allows 

“the conclusion | ‘to: be drawn. on the- strength of a-well-known selection rule 


that. the point & ‘sO! lies: ‘on the bottom of the A-band, and the eifective 

“mass ‘of the exciton inthis» ‘range is positive. There are 2 figures, 2 

. tables, . and- 3° ‘references: ™ ~8 Soviet ‘and 1° non-Soviet. The: reference to ae 
Ps English-language publications reads.as follows: D. S. McClure, J. Chem." 


/ Phys., 24, 1668 (1954). 


: ASSOCIATION: “Inatitut’ fizikiv Akademii ‘nauk USSR (Institute of Physics, 
‘Academy of Sciences UkrSSR) — 

‘Institut poluprovodnikov Akademii nauk USSR (Institute of. 
Bem congue tor ai, cee of. Sciences Ukrssz) 
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on the ‘theory of edge | absorption in sexiconductors 


» PERICDIGAL: “Fizik Ka. tverdogo tela, Vv. a“ no. 4, 1962, 1025-1031 


“QEXT: Many. semiconductors, especially ‘thése:! whose range of intense — 
intrinsic absorption begins with-an exciton series, show a series of 
“narrow - absorption ‘bands. before this range... This series. is called the 
_"fore-spectrum”. “ The absorption in this “fore-spectrum", which is 


are 10 -3_ 07? ev distant from the- exciton bands, - depends schulaerebly on. “the. 

defects ea the semiconductor, | its intensity varies within a wide range, . re 
but is some orders of mignitude lower than the intensity of the exci ton 20 Oss 
“bands.” “If it is assumed that fantex : the: calculated. defecs concentrations oe 
are. inconsistent with the. measured. ones. It is now shown that t4? fo 
Cand the anomalously high: value of is. explained. f, is the oscillator. 


strength, for the absorption inthe Sloot) ogame eae + that of the: 


29 Ourd fe 
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On ‘the theory of edge. PES en A 2a. 3102/3104 : 
eedtiton. transité ons! he: » shysical: nature of this effect is the sane as of | 
_ the anomaly in impurity. absorption in aolecule. crystals near the exciton: 
bands (Opt. i spektr. 2, 568,°1957; DAN SSSR, 139, 1084, 1961). Under 
several. simplifying assumptions ‘and considering the exciton as a. 
quasiparticle moving as a whole in the field of. thé defects, f grieal © 


Pix 
ee also. ‘the frequency eae between exciton band and fore-spectrva" 


is neglected... ¢, = afan/v jo! . z= famlal (/A; vis er unit-cell volume. eo 


eee wer ns 2 Cee 
he The resuiting relations read. £iA( fist) 2/22 os zy * = ae i) [> - pac 
‘is of: the order of. gome’ av and JE] of. some 10” *3 evV;- fa exceeds ts, by hese grag 


can reach 


4-5, orders’ of: magnitude, Though for. the ott exciton £4,% ly £ 


ae a 
er ry 10 fee ; 


* ABSOGLARIONS © Pret tee. poluprovedni kev: “AN. USSR Riyev (Tastitute. of 
Se eee Semiconductors AS UkrSSR, Ziyev). Institut fiziki AN GSSR 
Tbilisi: (institute of Physics AS Gruzinskaya SSR, Tbilisi) 
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AUTHOR! Rashbay E. Boe 


“pee ~Dieory of. impurity. ebicrption neer the exciton, bands. in a 
pT Oe et cases of. teorephe: euteri tution. 


penrooteaLs . “Fizika ‘twerdogo, tela, ‘Ve 4b no. Ms 1962, 3301 - +5320. 


TEXT! To: find: ‘out: ‘more: details of. the change in polarization. and intensity 

of the. impurity absorption bands. in nolecular crystals when the impurity. Bes 
levels approach the. ‘exciton band of the crystal (Opt. i spektr., 2; 568, - wee a 
1957), the author studied this ‘effect for the. case of isotopic substitu- auf. 
tion. Particular attention is paid to the: Long-range : interaction. The | ae 
cone of an. ideal: crystal is. 


als a son Onn SRE What he so 1). 


oo where: ‘the = are. “puaned. on ‘over. Gn poles of the: ‘function oH tp a)! 
: “The Hamiltonian H, H, is ‘considered 9 be a “perturbation that accounts for ms ca 
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"Theory of impurity absorption neer... B108/B102- 


the basic transverse. field of a plane electromagnetic wave passing hrough ° 


‘absorption with the aid of ‘the heitler-London model. In the case Ch ee 
; isotopic substitution, the ‘position or the. impurity absorption bands is 
. fully determined. by’ the density of states in exciton bands with long-range 


interaction. By estimating the parameters of the theory it is possible to: ~ 


_ experimental results on impurity absorption with the theory. The. results _ 
_ obtained with the Heitler-London model are generalized, yielding the con- . 
ductivity in the form - Saat? , ae ie ee 


get information'on the structure of the exciton: bands by ‘comparing the> =) - / : 
{ 


: peters | th BE a c *s— 0, (w) 3 ; ; 
ioe he O(a) ae OE. Ne es) 
es ne en WH Dt (R! (he, oF ee sn 73); 

where JUis the impurity concentration. | vie: Pye eat meteor” 

_- ASSOCIATION: Institut poluprovodnikov AN USSR, Kiyev (Institute of Semi- 

- oo  conduetors AS UkrSSR, Kiyev) ~ ee eee pee ne 
_ SUBMITTED: May 17, 1962 (initially) 
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g . dependences of 

are measured. A theoretical relation between the frequency 

“Luminescence and absorption is derived which ia valid when the two spectra 
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» 


{ 
‘are ‘dn ‘quasi equilibriun; the ‘temperature dependence of the Veninassenuce® an 
spectral: distribution has to be verified experimentally. If the Heitler- j . 
‘London. approximation is- ‘applicable in: the case of a narrow vibrational | 
band,. the state density - distribution in the exciton energy spectrum may be oe 
‘directly measured. In this case the ‘speotral distributions of abacrpeton: ae 
Lominascence are. directly related with the Sieporetl: law. enc a 
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Inoprc ‘TAGS: jtiminescence’ epee trun impurity center, impur ty’ ‘Level, 
tion: spectrum, deuterium compound 


iABSTRACT? This is a ‘continuation of earlier work (FET Vv. 5, 2361, 
11963. and: preced ey n impurity absorption in molecular cry~ 
jetals. n the. present. 3 ; thors studied the spectra: 
‘of. electron-vibrationa ‘fr vels lying near. 
the exciton bands. I the excitation: 
Jin’ the molecular crystals. rr not. 1o 
‘Imolecule ,- but encompasses also ne: 
eotron-vibrational luminescence spectrum. con 

ya enh aaa to transitions. eS vibra’ 
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ansities of these pands: determine 
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the: intens g:directly. the square of. the 


f the excitation of the impurity molecule in the initial 
rametere of the — 


lamplitude 0 ; 
state and in addition :is closely related with the pa 
“The excitation amplitudes of =|: 


urely electronic absorption spectrum — ) 
the impurity molecules are calculated approximately for Ci9 dissolve 
fh Gy oDgsB-Cy oliby» and B-SyoMyPy> BT well a8 for, a-Cyofl/P ane =C, ofly 
issolved in'G, ob, Origi are, hast 1 figure, 2 formlls and 1° table 
dict AN UkrSSR, Kiev (Institute of Physics. 
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ce in the salutes of electron “and hole mobility in macroscopic ee 

emiconductors. The theory attributes the emergences of nonequilibrium: Ges? 
the specimen's rear side to the influence of the field of the trans- - 
10 ielectromotive force.:- InzgSe specimens consisting of single crystals + 
sm” in volume were used to detect: experimentally the transverse Dember effect 
ris was'-selected because of: its structural anisotropy (the lattice ‘of 
n2Se'is' diamond-shaped (D2n) with parameters a = 4,065.2, b = 12.24 R,°c = 15.23 R) 
and its. phetosensitivity. The type of conductivity of the specimens was determined’ 

from the = eign. of the: thermal out and the Hall eireve snd fron the Bigg of ere. a 
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ohm: em.: The. ‘electron ‘mobility in low ohmic electron-type In,8e- aDeee 
om temperature was of. ee order of 500, om2/vrsec. ‘The hole mobility at 
emp prature. was smaller by. least one -order. - . During illumination of 8 |: 
siete’ cut, out’ at a 45° angle to. ie ‘a-axis and containing 4 b-axis (light beam dine fr. 
f ff quanta/sec) | a photo. e its was. observed in the » 
Leuler to axis be! A photo. also observed - 
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64), where a it 
A ABSTRAYT: ‘This 1s a. ‘contdmuation of earlier: work (FIT ve 6, 3247, 1964), 7 
AneeRiTs that under certain conditions current flowing through alata : 
. erystels with anisotropic electric conductivity can give rise to non-equilibr - 
‘ garriers and to a nonlinear volt-ampere characteristic. The present investigation 
"s ies devoted to an experimental observation of this effect. The relation between - 
; |4he Mela intensity and the current density 1s derived theoretically for thi cases; _ 
 -} the experiments, performed on high-resistivity germanium (40 f-cm at ia aoe ; 
| which” ‘the anisotropy was produced by homogeuceus compression, seer eee in raat se ne d 
' teristica which were. that's similar to ehoge derived theoretically. ‘The av oS . 
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: i Seablaed resonance, ‘paramagnéetec resonance, semiconductor, . 
‘crystal combined resonance, crystal paramagnetic resonance, ferro- “ 
i; Magnetic, er aoe anti ferromagnetic admixture: 


ABSTRACT} - A new type ‘of ‘Goubined. ‘Fesonance which takes place in seni= 
+ conductors in inhomogeneous static magnetic fields is described and 

i analyzed, Specifically, spin transitions of current carriers caused by: 
“the. electric. field of electromagnetic waves were studied in this con- 
fmection.. Mixing of movements in coordinate. and spin degrees of free-: 
dom in sich cases is not due to spin-orbit. coupling, but to inhomo~ 
geneity vf the static magnetic field. This inhomogeneity may be in- 
herent. in the field, or stem from epogtansens fdelen of ferro~ or 
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~ Gellective effects in vibron spectra of molecular crystals 
Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, Pis'ma v redaktaiyu. - 
TAGS: light absorption, absorption spectrum, electron transition, naphthalene, a 


we 


‘TOPIC. 


paraffin wax, deuterium, vibration spectrum, particle interaction, exciton i 
“ABSTRACT: To check on a hypothesis recently advanced by one of the authors (Rashba, 
ZhETF v. 50, 1164, 1966) that two-particle absorption plays,an important role in the 
interpretation of electron-vibrational (vibron) transitions’in the absorption spectra 
‘of molecular’crystals, the authors measured the absorption spectra of pure and 
deuterated naphthalene and paraffin in the region of the first vibron transition — 
‘and confirmed the presence of a two-particle band in the spectrum which is shifted 
‘to the, long-wave side relative to the maximum of the state density of the pure- 
‘electronic. exciton band. The experiments also disclosed the presence of two addi- jj... 
“tional vibron bands corresponding to vibrational excitation at the impurity molecule 
‘and in its vicinity. ‘These agree well with Rashba's hypothesis and confirm the 
strong influence of collective effects (decay processes) on the vibron spectrum and 
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she. presence ‘in this ‘spectrum, of. two ‘branches doeeekpandind to single- and two- 
particle absorption. The latter is estimated to reach 50% of the total vibron 
ransition., It is proposed that the two-particle absorption can play an important . 

ole in the interpretation of the “known structure background of the absorption of ~ 
molecular crystals and the determination, from this interpretation, of many new 
pelea of - exciton bands. DEBS art. has: 2 figures. 
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eof ABSTRACT: | A theory of: “ene it gnt-oobeton spectra of oiechi ox ; ae ae 
crystals: corresponding to the simultaneous appearance of electron and ipeemniecaar) 
vibrational | excitations. has been developed. ‘The basic. exciton-phonon interaction Ee 
mechanism is assumed to be the ‘change Av of vibration frequencies during excitation : 


“| of the molecule. For values. of Av, whic he ‘energy spectrum . 


of the crystal, it was found that along with two particle excitations » a region of 
single particle excitations arises throughout the k-space or in part of it. Equations a 
for the position and intensity of ‘absorption bands related to single particle ex- i 
citations as functions of the: structure of the- exciton and phonon bands and exciton © 

“ and “phonon coupling constants “were obtained. ‘The lateaias mechanisms which aera 
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equential order of. the ‘domains is governed by the angles that the principal axes Ore) 
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he surface of the plate. The number of domains and the positions of their: boundaries eae 
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Crystal. absorption’ ‘spectra. are. fcoraidered. ry the Light. ‘of : ‘a recéntly developed 
theory which assumes the presence of interactions between ‘the vib rat ional, 
- electronic, and vibrational-electronic.(vibronic) excitations, in particular reaces i 
,a decay of vibronic intramolecular. excitations ‘into: pure elect ronic and Sor ae. 
: intramolecular-vibrational excitations of separate molecules [E. I. “Rashba, | 
&h. E. T. Fe, v.50, 1966, 1064—1080,; transl: Soviet: ‘Physics JETP, v. 23, { 
| 708—-718].. These interactions affect the distribution of one-particle 
|. excitations (concurrent. propagation. of an exciton and a phonon) “and two-particle 

excitations (independent | propagation of the exciton and photon). These : se, | 
collective processes ‘are illustrated by means of simplified models. Their 
“influence cn absorption spectra is investigated, the most important effect 
‘ being roeetied as a ‘reduction of the vibra tonal frequency of the nolecule 
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